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l.BBeaeHn:e 

122 

TeopeTn:'leCKn:e pac'leTbi, npoBe!leHHbie anS1 Sl!lpa Cs ApceHheBbiM, 

Co6H'leBCKHM H ConoBheBbiM 
111 , npeacKa3biBaJOT, 'ITO pS11l ypoBHeii c oTpH

uaTenbHbiM napaMeTpOM AeljlopM8UHH ne)I{HT HH)I{9 (no 8H9pi'HS1M) COOTB9TCT~YIO
II!HX llPYI'HX ypOBHeH C nonO)I{HTenhHblM napaMeTpOM !leljJOpMaUHH, 3.TO 3H8'1HT, 

. 'ITO. OCHOBHOe H HH3KOn9)1{8II!H9 COCTOS1HHSI 8TOI'O SI!lpa MOI'yT XapaKT9pH30-

B8ThCSI OTpHUaTenhHOH aeljlopMaUHeii, BBHilY TOI'O, 'ITO cpe!lH 8THX HH3KOne

)1{81I!HX COCTOSIHHH H8XO!lS1TCSI ypOBHH C Bb!COKHM CITHHOM, 0)KHIJ.89TCSI ITOfiBne

HHe H30MepHll. 'l1ccne!lOB8H.He HOBOI'O H30MepHOI'O COCTOSIHHSI B 8TOM 5mpe 

SIBnSieTCS1 Uenh!O H8CTOSIII!9H pa60Tbl, 

2, MeTOilHKa aKcnepHMeHTa 

l1ccnellOBaHHbiH li8MH. H30Mep B SI!lpe 
122Cs o6pasoBancSI npH o6nyqe-

113 
HHH TOHKHX Mll:llleHeii ( 1-2 MI'•CM-2), o6orameHHbiX ll:30TOIT8MH In (66%) 

109 12 16' 113 12 122 
H Ag (97%) HOHaMH C n:~ 0 B peaKUll:SIX In ( C,3n) Cs 
Hl~ to· . U:! ' 

. Ag( 0, 3n) Cs .; COOTB9TCTB9HHO, .flapa OT1l8'1H, o6pa3y!OII!H9CSI BO Bpe-

MS1· o6ny'leHll:SI (6 MHH,), HaKaiTnHBanHCh B an10Mll:Hll9BOH ljlonhi'e TOniUll:HOH 

10 MKM, nocne o6ny'leHHSI 6biCTpb!M XHMH'l9CKHM M9T01l0M ( M9T01llll<8 Bbllle

neHUSI onHcaua · B npHnO)I{eHHH 1) H3 c6opHHKa · Hnep OT!la'lH BbinenSinach ljlpaK-

UHSI U93HSI, BpeMSI OT KOHUa o6ny'leHHSI 11.0 lla'lana ll:3MepellHSI Y -cneKTpOB 

COCTaBnSinO 06biKHOB9HllO 6 MHH, Y -cneKTp U93H9BOH ljlpaKUHH HCCne!lOBan-

CSI c noMOII!h!O Ge ( Li) -!leTeKTopa c o6'beMoM. 13 CM3. 

3 



3. 3KcnepnMeHTa1IbHhie peaynbTaTbi 
I 

B cnmKHOM cneKTpe raMMa-nsny"'emrsr (pnc. 1), conpoamKllaJOuierocSI 

-+--pacnallOM nsoTonoa uesnSI, HafilleHbi nepeXOllbl E y = 331 ± 1; 497:1:: 1 

636:!: 1 KSB, KoTophte a npellenax aKcnepnMeHTanbHbiX norpeiiiHOCTeil: pacna-

c OllHH8KOBb!M nepHOllOM nonypacnalla T ~ = 4,0 ± o·,a MHH. 0THO-

HHTSHCHBHOCTH 9TH X Y -nepeXOllOB COCTaBnmoT: 331 K9B - 100%, 

(120:!:20)%, 636 K9B - (100:!:20)%, 
"'TO nHHHH 331,1; 497,5 H 638,2 K9B COOT

b"'""'"-VJOT nepeXOll8M 2+ -> o+, 4+-> 2+ H 6+ -> 4+ KBa3HpOT8UHO:HOll llOnOCbl 

122 . Xe • Hann-qne 9THX nepexollOB a raMMa-cneKTpe uesneaofi ¢paK-

' 'llOKa3aTenbCTBOM TOI"O, "'TO 8KTHBHOCTb C nepHOllOM nonypac-

T 
122 + . 

~ = 4 MHH. OTHOCHTCSI K H30TOllY Cs H SI"O {3. -pacnall BelleT 
122 

Sillpe Xe. 
122 

XoTenocb 6ht saMeTHTb, "'TO a Sillpe Cs uafilleH llpyrofi ypoaeHb, Ko-

pacnallaeTCSI (c nepnollOM nonypacnalla T ~ = 23 ceK) rnaaHbiM 

2+ a Sillpe 
122 

Xe ( CM, /3/ H rnaay 4 9TOH pa60Tbl), 

llPYI"HX ""'Y:lKHXu Y -nHHHll C nepHOll8MH nonypacnalla 

a raMMa-cneKTpe (pnc. 1), npoaollnnacb ilo

.._mm'I'Am-.HbiMH OllbiT8MH. nnSI STOll UenH npOH3BOllHnHCb cnellyiOIIIHS o6ny-

113 

Mniiie.~b, o6orameHHaSI nsoTonoM In 
12 

, o6ny-qanacb noHaMH C 

9Heprnefi· 65 H 80 Maa. CpaBHHBan.OCb OTHOIIISHHS HHTSHCHBHOCTSH Y -nn

llpOllYKTOB peaKUHH npn STHX llBYX SHepi"HSIX. 3To nosaonnno y"'eCTb 
' 113 12 121 

OT peaKUHH In ( C , 4n) Cs. 
. 115 

6) MnllieH:b ecTecTaeHHoro HHllHSI ( In 96%) 6bma o6ny'<ieHa noRa-

12 
C c sHeprneii: 65 Msa. 3To nosaommo yqecTb aKnall peaKunfi 

15 ( 12 . 12 7- . u In . C '· xn) · x Cs n o6pasoaaaiiiHXCSI nsoTonoa ·aTHX peaKUHII Ha npn-
115 

ecn In a. ncnOnbsyeMofi MniiieHn. 

C llOMOIIIb!0.9THX KOHTp01IbHb!X·Ollb!TOB Yll8nOCb HlleHTH¢HUHpOB8Tb y -nHHHH, 
.. 123 . 115 12 123' 

aHHbie c {3+ -pacnallOM nsoTonoa Cs /5/ ns peaKUHH In( C, 4n). · Cs n · 

21 Cs /6/ ns peaKunn113 ln( 12 C, 4n) 121 Cs · • B llnanasoHe sHeprnH: OT 50 

900 R:~m, KpOMe Y -nnHHH E y= 331 ; 497; 636 KSB, llPYI"HX nnHnfi 

HHTSHCHBHOC Tb!O ( > 2._9% HHTSHCllBHOCTH nHHllll 331 KSB) t K0-
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122 

TOpble MOI'nU 6hi npuHannmKaTb pacnany 4-.MuHyTHC)I'O COCTOnHun B smpe Cs 1 

Mbi He iiamnu. 4To.6bi noKa3aTb 1 qTo u3oMepHhifi ypoBeHb {, T~ = 4 MuH.) · 
122 122 

HaxonuTcn B nnpe Cs 1 a He B nnpe Xe HaMu 6bHIR npennpuHnThi · 
114 12 122 I 

nonbiTKU nonyquTb 9TOT u;3oMep B peaKuuu Cd ( C, 4n) Xe .• 0TcyTcT- ' 

BUe KB83UpOTaUUOHHOfi nonOCbl B cneKTp8X 1 U3MepeHHbiX B H8lllUX ycnOBUHX 1 

' .. 122 . 

npuBonuT K BbiBony 1 qTo 1 . ecnu cymecTByeT u3oMepHbifi ypoBeHb B nnpe Xe , 

TO ero nepuon nonypacnana T~ < 5 MeeK •. 8ToT pe3ynbTaT HaxonnTC£1 B 

· cornacuu c pe3ynbTaTaMu pa6oi.l4 11 rne B nuana3oHe BpeMeH 6onbme 1 . 

qeM 5•10-6 ceK 1 He 6hinO 06Hapy)!{eHO U30MepHOI'O COCTOnHun, 

4,. 23-CeKyHaHaSI aKTHBHOCTb B Slape 

.llaHHbie o pacnaae aToro ypoBHSI conep)!{aTcSI B cTaTbe 131, B HacTon

mefi pa6oTe 6hinO U3MepeHO OTHOllleHue l(3+f i 331 K:9B = 1104±0 120,. Ecnu 

Mbi npufiuMaeM
1 

cornacHo aaHHhiM pa6oTbi 171 ,aHepruro {3+ -pacnaaa Q EC = . . 
= 7

1
1 MaB 1 TO. nonyqaeTCSI log ft "" 5 1 1 :!: 0 12. 8To o3HaqaeT 1 qTo nepe-

xoa SIBnSieTCSI pa3pemeHHb!M U qTo 23-ceKyHJlHblll ypoBeHb B's:~npe 
122 . 

Cs uMeeT cnuH n: qeTHOCTb I 17 = ( 1,2 13 )+ 1 rrpuqeM caMaSI BepOSITHaSI 

BenuquHa crruHa I 17 ."" 2+ (puc, 2). · Ehmo onpeaeneHo OTHomeHue ceqeHufi 
113·. 12 122 

o6pa3oBaHun 23-ceKyHnHoro u 4-MuHyTHoro ypoBHeii: B peaKuuu In( C,3n) Cs . . . . . 

npu aHeprul! 65 MaB, 0Ho cocTaBnneT: a ( 4 MUH.) I a (23 ceK) = 0,25. 

5. 06cy)KJleHue pe3ynbTaTOB 

Cor nacHo pacqeTaM 1 npoBeaeHHhiM ApceHbeBhiM 1 Co6uqescKuM n 

ConoBbeBhiM 111 ann napa 
122 . 

Cs ( CM, puc. 3) 1 O)!{uaaeTcn1 qTo: 

1) OCHOBHOe U HH3KOne)!{aiUee B036y)!{)leHHhle COCTOnHun AOmKHbl UMeTb 

OTpuuaTenbHYlO paBHOBeCHYlO neljlopMaUUlO (. E = - 0 125); 
17 

2) CIIUH OCHOBHOI'O COCTOnHUSI I = 2:1"~ ,Ha OCHOBaHUU 9TUX TeopeTu-
' •''" . 

qecKux pe3ynbTaToB Mhi npunuchiBaeM 23 -c~Ky~aHyro aKTUBHOCTb ocHoBHOMY 
122 . . 

cocTOSIHHIO s:~npa Cs; 
3) cpeau B036y)!{AeHHbiX COCTOSIHUH C OTpUUa Tenbllb!M napaMeTpOM ne-

ljlopM8UUU HaXO)lSITCSI ypOBHU C oqeHb Bb!COKUMU CITIIH8MU BITnOTb AO 1 0"'" 1 a 
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1.467 s+ 

0.829 4+ . . · 

0. 331 --'--.........=._, 

o __ .&....;;;_ 
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3,5m + · ( 1,~3) . 23s 

122c5 122c5 

Q £c 7.1(est.) 

+ 122 
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cpenn: ypOBHeil: Ha llOJ10:lKHTeJ1bHOil: CTOpOHe neljJopMaUHH BCTpe'Ia!OTCSI MBKCH-

J 1r + ManbHhie aua'leHHSI cnn:Ha = 4 ( CM, pn:c, 3), Cnn:H H30Mepuoro ypoBHSI1 

C nepHOAOM nonypacnana T ~ . = 4 MHH,, noKa He H3BeCTeH, HO OH AOJ1:lKeH 

6hiTb BhiCOKHM1 llOTOMy 'iTO B {3+ -pacnane 9TOI'O .H30MepHOI'O ypOBHSI aace-

. JISieTCSI ypoBeHb 8+, 3TO HaXOAHTCSI B Ka'leCTBeHHOM COI'J18CHH C npeACKaaa-

" " "' 122c· · HHeM 0 Cyll!eCTBOBBHHH OTpHUaTeJibHOH paBHOBeCHOH ne't'OpMaUHH B SlApe s. 

ilpHJIO:lKeHHe 

AnroMHHHeBaSI ljlonbra Tonmn:aoii: 10 MKM1 conep:lKall!aSI Sillpa OTAa'lH 1 pacT- • 

. BOpSIJ18Cb B 1 MJI I'OpSI'Ieil: KOHUeHTpHpOBaHHOH COJISIHOil: KHCJ10Tb! 1 B KOTOpyro 

npenBapn:TenhHO 6hin no6aBneH 1 MI' HOCHTenst Cs NO 3 • K nony'leHHOMY 

pacTBopy no6aBnstnocb 15 Mn i30Ahi 11 1 Mn 1M pacTBopa TpHnoua B. P ~cT

Bop nponycKaJICSI 'Iepea CTeKJ1SIHHblil: qlHJ1bTp .Ng4 AHBM~TpOM 20 MM 1 Ha KOTo-. 

pbiil: 6bin HaHeceH cnoii: (NH 4 ) 3 PW12 0 40 ("' 120 Mr), OcanoK ua ljJHnh-

Tpe, cop6n:pyromn:il: HOHhi ueaHSI, npoMhmancst 50 Mn IN HN03 C AQ6aBKOii: 

TpHnoua E. 3aTeM ocanoK pacTBopstncst Ha ljJn:nbTpe B ropst'leM paCTBope 

5N NaOH ( "' 0,5 Mn), pacTBop co6Hpancst B. CTeKJ1SIHHYJO aMnyny H nocTy- · 

nan Ha HSMepeHHSI, Bee onepauHH c MOMenTa KOH.ua o6ny'leHHSI no" uaqana 
. . /8/ 

H3MepeHHSI 38HHM8JlH 8 MHH, iloXO:lKH.ii: BapHaHT MeTOAHKH OllHCaH B 

ABTOpbl Bb!pa:lKa!OT rny6oKyJO 6naronapHOCTb aKaneMHKY r .H. <PnepoBy 

aa nocT~SIHHbiil: HHTepec K pa6oTe, npoljleccopy K. AneKcann.epy aa noneaHhie 

AHCKYCCHH, n.A. ApceHheBy aa npoBeneHHe nonpo6Hb!X paC'leTOB, 
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